but also other potentially serious conditions (eg, acute aortic syndrome, acute pulmonary embolism, pericardial effusion, and valvular disease).
Echocardiography enables to perform an anatomical and physiological assessment of the heart at bedside, thus allowing a rapid diagnosis and triage of patients presenting to the ED with chest pain or dyspnea. 6 However, the full echocardiographic examination is time-consuming and requires relevant experience in echocardiography. We have recently introduced and implemented an A-F mnemonic into everyday ED practice, that is, a limited, simplified echocardiographic algorithm, targeting the most common life-threatening pathologies and easy to learn by a nonspecialist during a short training. 10 Its usefulness and reproducibility were validated in patients with suspected ACS.
We performed this study to evaluate the usefulness of limited transthoracic echocardiography (TTE) with the A-F mnemonic in emergency patients with suspected NSTE-ACS and to assess the effect of limited TTE findings on therapeutic decisions.
PAtIents And methods This retrospective study was approved by the Bioethics Committee and the Administration Office of John Paul II Hospital in Kraków, Poland (ref. number 792/2014) . We examined the medical data of the patients transferred to the Emergency Department of John Paul II Hospital over a 12-month period.
We evaluated all admitted patients with a preliminary diagnosis of ACS made before hospital admission on the basis of typical clinical symptoms and ECG findings. On admission, all patients underwent the following assessment: physical examination, clinical condition according to both Canadian Cardiovascular Society and New York Heart Association classifications, detailed medical history, ECG, blood tests for biomarkers of myocardial ischemia, and limited TTE. The exclusion criteria were as follows: age <18 years, persistent STE on admission ECG, and difficult acoustic window resulting in inability to obtain interpretable ultrasound images.
ECG was performed within 5 minutes after the admission to the ED and repeated in 15-minutes intervals in symptomatic patients with an initial nondiagnostic ECG and during every recurrence of symptoms. The ECG recording included: standard 12-leads, right precordial leads (V 3 R, V 4 R), and posterior leads (V 7 -V 9 ) as appropriate. STE was measured at the J point and was considered present when found in 2 contiguous leads and ≥0.25 mV in men younger than 40 years, ≥0.2 mV in men older than 40 years, ≥0.15 mV in women in leads V 2 -V 3 and ≥0.1 mV in other leads (in the absence of left ventricular hypertrophy or left bundle branch block).
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Bedside TTE was performed within the first 15 minutes after admission by a resident on call with a basic skill in TTE (at least 50 examinations). TTE images were interpreted with a simplified on ECG.
4 The wide spectrum of clinical symptoms and ECG changes in suspected NSTE-ACS makes the final diagnosis challenging.
5 Moreover, it should be emphasized that several cardiac and noncardiac conditions may mimic NSTE-ACS.
4 Thus, diagnosing the cause of acute chest pain in the ED setting requires a comprehensive approach and should consider not only ACS Blood samples were collected for the plasma levels of the markers of myocardial necrosis: creatine kinase (CK), cardiac isoenzyme of creatine kinase (CK-MB) and high-sensitivity troponin T (hsTnT), at the time of admission and, if necessary, by repeated measurements every 3 to 6 hours within the first day of hospitalization. Blood tests were assayed by routine automated laboratory techniques (Cobas System 6000, Roche Diagnostics GmbH, Manheim, Germany). All biochemical analyses were performed in the central hospital laboratory, certified with cardiac and clinical chemistry program by RIQAS (Randox International Quality Assessment Scheme, United Kingdom).
Statistical analysis was performed using the STATISTICA v 8.0 software (Statsoft, Tulsa, Oklahoma, United States). Numerical data were expressed as mean values ± standard deviation. Comparative analysis included patients with confirmed ACS and those with unconfirmed ACS. After checking the homogeneity of variance, the comparisons between both groups were performed with the χ 2 test and t test for independent variables, as appropriate. A P value of 0.05 was considered statistically significant. A positive predictive value (PPV) and odds ratio (OR) ± standard error were calculated for all echocardiographic findings.
results Between January 1, 2013, and December 31, 2013, a total of 1312 patients were admitted to the ED with a preliminary diagnosis of ACS. ECG on admission revealed STE in 396 patients (30.18%), who were directly transferred for coronary angiography (without waiting for laboratory test results and regardless of the presence of regional wall motion abnormalities on TTE). We finally enrolled 916 patients to the study (581 men; age, 21-95 years; mean age, 67.88 ±12.41 years) without STE on admission ECG (fIgure). Baseline demographic, clinical, and echocardiographic data are shown in tAble 2.
All patients experienced typical chest pain at rest before hospitalization, while in 40.1% of the patients, it was still present on admission. Dyspnea was observed in 38.8% of the patients. ECG on admission revealed typical ST-T changes in 68.9% of the patients (ST-segment depression, negative T waves). hsTnT levels were higher than the 99th percentile of the upper range limit in 84.3% of the patients, exceeding 3 times the upper range limit in 63.1% of the cases (tAble 2) .
A triad of symptoms included chest pain, dynamic ST-T changes, and positive hsTnT was present in 553 patients (60.4%). However, in 87 of those patients (15.7%,) the cause of this diagnostic constellation was other than ACS.
The final diagnosis of myocardial infarction without persistent STE (NSTEMI) or unstable angina was established according to the recent clinical guidelines (the group with confirmed ACS). The A-F mnemonic, introduced in our ED to standardize bedside cardiac examination. All residents underwent a minimum of 30-minute didactic and 1-hour structured hands-on dedicated practice with the scheme. In the A-F mnemonic, consecutive letters of the alphabet represent a particular anatomical structure or measure of cardiac function: A, aorta; B, both ventricles; C, contractility; D, dimensions; E, effusion; F, further abnormalities (tAble 1). The examinations were conducted with a portable ultrasound system equipped with a 1-5 MHz transthoracic phased-array transducer (Vivid I, GE Healthcare, United States, and CX 50, Philips, Eindhoven, The Netherlands). The heart was visualized in 5 basic echocardiographic views: parasternal long axis, parasternal short axis, apical 4-chamber, apical 2-chamber, and subcostal (additional views were used when appropriate). All studies were recorded as digital 10-second Data are presented as mean ± standard deviation or number (percentage).
Abbreviations: AVR -aortic valve replacement, CABG -coronary artery bypass grafting, CK -creatinine kinase, CK-MB -cardiac isoenzyme of creatinine kinase, hsTnT -high-sensitivity troponin T, LAH -left anterior hemiblock, LBBB -left bundle branch block, LVEF -left ventricular ejection fraction, NYHA -New York Heart Association, PCI -percutaneous coronary intervention, RBBB -right bundle branch block, others -see fIgure additionally enhancing the probability of ACS. Bedside TTE revealed a significant structural heart abnormality in 2.7% of patients with NSTEMI. Based on TTE findings, all of them underwent coronary artery bypass grafting with an additional target procedure (aortic valve replacement, mitral annuloplasty) ( A comparative analysis revealed that patients with ACS were older, predominantly male, and more likely to have ST-segment depression, had higher levels of hsTnT and CK-MB biomarkers, lower left ventricular ejection fraction, and significant coronary artery stenosis requiring coronary revascularization, while patients without ACS had more echocardiographic abnormalities in points B-F according to the A-F mnemonic (tAble 5) dIscussIon The majority of patients presenting with chest pain and persistent STE develop STEMI.
3 Since the prevention of delay is critical in STEMI, in all patients with a suspicion of myocardial ischemia and STE on ECG, emergency coronary angiography and subsequent revascularization should be initiated as soon as possible.
2,3 NSTE-ACS, with an increasing incidence, exceeding that of STE-ACS in the last decades, represents a wide variety of clinical symptoms and ECG changes.
4 Moreover, there are many other chronic and acute conditions that can resemble typical angina and are associated with both ECG changes and biomarker elevation. 4 It is interesting that in our selected population of patients with typical clinical symptoms and ECG findings, the diagnosis of ACS was confirmed in 69.3% of the patients. In almost 16% of patients presenting with a diagnostic triad of chest pain, ST-T changes, and hsTnT elevation, the preliminary diagnosis of ACS was eventually not confirmed.
A high prevalence of other life-threatening cardiac and noncardiac conditions mimicking the clinical presentation of NSTE-ACS prompts the implementation of additional imaging tests to the management of patients with suspected NSTE-ACS. 5, 6 ,11 Echocardiography appears to be the most useful diagnostic modality in the firstline emergency assessment of patients with suspected NSTE-ACS.
4,6,11-13 This noninvasive method is rapid, safe, portable, and readily available diagnosis of ACS was finally confirmed in 69.3% of the patients, with the prevalence of NSTEMI (85.5%). The preliminary diagnosis of NSTE-ACS was not confirmed in 30.1% of the patients (the group with unconfirmed ACS), with a wide spectrum of underlying pathologies (tAble 3). Coronary angiography was performed in 93.2% of the patients and 60.3% had subsequent coronary revascularization (tAble 4) .
Limited TTE performed on admission showed regional wall motion abnormalities (RWMAs), with normal wall thickness and no features of postinfarction scar, in 77.1% of the ACS group, Abbreviations: AF -atrial fibrillation, CAD -coronary artery disease, CHF -congestive heart failure, COPD -chronic obstructive pulmonary disease, HOCM -hypertrophic obstructive cardiomyopathy, NSTEMI -non-ST-segment elevation myocardial infarction, SVT -supraventricular tachycardia, others -see tAble 2 and fIgure of the pocket-sized, personal ultrasound tools revolutionized the reality of EDs by converting echocardiography into a shortened, point-of--care procedure. All recent clinical guidelines for the diagnosis and management of myocardial infarction, emphasize the role of TTE as the initial imaging modality in patients with acute chest pain. 2-4 Beside the assessment of left ventricular systolic function and evidence of RWMAs, TTE facilitates a differential diagnosis of chest pain.
2-4,11
It identifies several life-threatening conditions that resemble NSTE-ACS and require an urgent targeted treatment. [11] [12] [13] [14] [15] [16] 17 However, in everyday practice, the full echocardiographic examination seems too complicated, extensive, and time-consuming in patients with acute chest pain. Moreover, the full reading and report contain a lot of unnecessary details that can obscure the clinical decision making. From the perspective of the ED setting, in suspected NSTE-ACS, echocardiography should evaluate the probability of myocardial ischemia by the detection of new RWMAs, assess the global left ventricular systolic function (as the predictor of outcome), and identify (or exclude) other serious causes of chest pain and dyspnea.
Several studies tested the usefulness of TTE in ED patients with suspected ACS and its effect on further decision making.
18-21 In their prospective case series, Ferrada et al. 15 validated the use of point-of-care echocardiography in risk stratification of patients with ACS. Kontos et al. 20 confirmed the hypothesis that TTE performed in ED patients with ischemia identifies a high-risk population and has a significant incremental value when added to clinical and ECG variables. Levitt et al. 21 reported the significance of the level of physician's confidence and medical decision making concerning patients with suspected cardiovascular pathology in the ED. In the study of Kimura et al., 22 cardiac ultrasound detected significant findings misdiagnosed on an initial clinical evaluation and provided prognostic data regarding the length of hospital stay.
Our present study reveals the validity of TTE with the mnemonic A-F algorithm in patients with suspected NSTE-ACS. It should be emphasized that all echocardiographic examinations performed using the simplified A-F algorithm were repeated within 24 hours by a cardiology consultant. All digital clips recorded and described by residents based on the A-F mnemonic were reviewed by investigators blinded to the final diagnosis. The comparison of both examinations confirmed the 100% coincidence of A-F-based and full reports.
Limited TTE with the A-F mnemonic revealed RWMAs in 77% of the ACS group. In our ED practice, the combination of a typical clinical presentation, ECG changes, and new RWMAs on echocardiography, strongly suggests NSTE-ACS and prompts further coronary angiography. In 7.75% of the patients from our study group, the following life-threatening abnormalities other than ACS in the ED. In addition, it requires no radiation or contrast media, and does not influence the hemodynamic state or disturb preparation for invasive procedures. In particular, the introduction were identified with TTE: acute aortic dissection, acute pulmonary embolism, tamponade, severe aortic stenosis, severe mitral regurgitation, hypertrophic cardiomyopathy with left ventricular outflow tract obstruction, ventricular septal defect, perivalvular leak in mechanical aortic prosthesis, infective endocarditis associated with a pacemaker electrode, and hypovolemic shock. On the basis of these findings, 14 patients (2.7%) with ACS and 29 (10.3%) without ACS underwent target invasive treatment. The comparative analysis of the groups with confirmed and unconfirmed ACS also highlighted the importance of echocardiographic findings according to the A-F interpretation scheme in a differential diagnosis of patients with suspected NSTE-ACS. It appears that limited TTE with the A-F mnemonic allows to diagnose all cardiac pathologies crucial for the management of patients with suspected NSTE-ACS. We conclude that suspected NSTE-ACS covers a significant number of other cardiac and noncardiac conditions mimicking ACS. Limited echocardiography with the A-F mnemonic should be performed in all patients with suspected NSTE-ACS because it allows the detection of life-threatening conditions other than MI, requiring targeted treatment. Moreover, the presence of regional wall motion abnormalities (especially if new) supports the diagnosis of ongoing ischemia. Limited TTE with the mnemonic A-F algorithm appears to cover a sufficient spectrum of morphological and functional cardiac abnormalities and has a significant effect on therapeutic decision making in patients with suspected NSTE-ACS.
limitations The limitation of the study is a retrospective analysis. We examined a selected group of patients transferred to our ED with the preliminary diagnosis of NSTE-ACS made by health care providers before hospital admission: ambulance paramedics, general practitioners, or general district EDs.
